A polymerase chain reaction (PCR) test was developed in order to improve the accuracy and speed of diagnosis of Haemophilus parasuis, an economically important respiratory pathogen that affects swine. The gene sequence of the 16S small subunit ribosomal RNA of H. parasuis (GenBank M75065) was compared with 56 16S sequences of related bacteria, including those frequently isolated from pig tissues. Two speciesspecific primers were designed: HPS forward and HPS reverse. The predicted size of the amplified PCR product was 821 bp. The PCR test could detect a minimum of 10 2 bacteria and 0.69 pg of DNA. Thirty-one H. parasuis isolates, including 12 different serovars and 19 field isolates, were positive using the PCR test. No amplification was observed when the test was run using DNA from 15 other bacterial species commonly isolated from swine tissues. A weak band was observed when the PCR test was performed using Actinobacillus indolicus DNA as template. Clinical samples tested by PCR included tissues and swabs from 5 animals naturally infected with H. parasuis and 1 experimentally infected animal. The PCR was positive in 26 of 30 clinical samples. Four samples showed weak bands, and these results were not considered positive. Haemophilus parasuis was isolated from 18 of 30 of these samples. Tissues from specific pathogen-free (SPF) pigs and from unrelated species were negative for H. parasuis isolation and PCR. The developed PCR was successfully used in the diagnosis of H. parasuis infection, especially when compared with traditional microbiology techniques.
quently been regarded as difficult and unsuccessful. 1, 4 Isolation and microbiological culture of H. parasuis can be ineffective due to the fastidious growth of the bacteria, which can be aggravated by previous antibiotic treatment of affected animals. 8 These factors can impair accurate diagnosis of H. parasuis, even if lesions are very characteristic. Misdiagnosis of H. parasuis infections often occurs due to overgrowth of contaminants, especially if samples are not properly collected and transported. When isolation is successful, biochemical tests have to be performed in order to differentiate H. parasuis from other nonhemolytic, NAD-dependent bacteria, such as Actinobacillus indolicus, Actinobacillus porcinus, Actinobacillus minor, among others. 5 These procedures are laborious and time consuming.
In this study, a polymerase chain reaction (PCR) test was developed to improve the accuracy and rapidity of the diagnosis of H. parasuis. The PCR test allows fast and sensitive identification of H. parasuis in pure culture and clinical samples, detecting even nonviable organisms. This is a major advantage when compared with traditional microbiology.
Materials and methods

Bacterial strains and clinical samples
All bacterial species and strains used in this study are listed in Table 1 . Clinical samples tested by PCR included tissues and swabs obtained from naturally and experimentally infected animals. Field samples from 5 animals with macroscopic lesions characteristic of H. parasuis infection that were submitted to the Veterinary Diagnostic Laboratory (VDL) at the University of Minnesota were tested by PCR. In order to better assess the effectiveness of the PCR test in detecting H. parasuis in different clinical samples, a colostrum-deprived pig was experimentally infected with H. parasuis 9 by intratracheal inoculation of 3 ml of a bacterial suspension containing 1 ϫ 10 9 CFU/ml. Tissues and swabs obtained from this animal were submitted to bacterial isolation and PCR. Isolation of H. parasuis was performed on sheep blood agar (BA) streaked with a nurse Staphylococcus sp. culture and incubated at 37 C for 24-48 hours.
DNA preparation from bacterial isolates and clinical samples
Bacterial cultures were harvested from BA using an inoculation loop and were suspended into 300 l of phosphate buffered saline (PBS) pH 7.0. Swabs were vortexed in 300 l of PBS, and the suspension was used for DNA extraction. Two methods of DNA extraction from tissues were tested. Tissues (2 g) obtained from naturally infected animals were macerated using a sterile surgical blade and were vortexed in 2 ml of PBS. Five hundred microliters of the tissue suspension were used for DNA extraction. Tissues obtained from the experimentally infected animal were similarly processed except for the maceration. Tubes containing bacteria, tissue, or swab suspensions were centrifuged at 21,000 ϫ g for 5 minutes. After centrifugation, the supernatant was discarded and the remaining pellet was suspended in 200 l of a commercially available reagent a and boiled for 10 min. After boiling, tubes were centrifuged at 15,800 ϫ g for 5 minutes. Fifty microliters of supernatant from each sample containing extracted DNA were mixed with 50 l of Tris-EDTA buffer and stored at 4 C. This final solution was used as DNA template in the PCR reaction. The DNA extracted from pure bacterial cultures was quantified using a spectrophotometer at 260 nm (1 OD ϭ 50 g/ml) and adjusted to 10 ng/l.
PCR primers and PCR conditions
The H. parasuis 16S small subunit ribosomal RNA gene sequence (GenBank M75065) was compared with all sequences available in the GenBank using the Basic BLAST Search (instructions available in the GenBank). Fifty-one sequences, including closely related organisms and bacteria normally isolated from swine tissues, were selected and aligned b with H. parasuis sequence M75065. After identification of H. parasuis species-specific regions, 2 primers were designed, c HPS-forward (5Ј GTG ATG AGG AAG GGT GGT GT 3Ј) and HPS-reverse (5Ј GGC TTC GTC ACC CTC TGT 3Ј). The predicted size of the amplified PCR product was 821 bp. The PCR was performed in a 20-l reaction mixture containing 10 ng of template DNA (pure culture) or 1 l of extracted DNA (clinical samples), 0.3 M of each primer, 50 mM KCl, 10 mM Tris-HCl, 1.5 mM MgCl 2 (PCR buffer d ), 0.24 mM of each deoxynucleoside triphosphate, d and 0.5 U of Taq DNA polymerase. d The PCR was carried out for 30 cycles consisting of denaturation for 30 seconds at 94 C, annealing for 30 seconds at 59 C, and extension for 2 minutes at 72 C using a thermal cycle. e The PCR products were run in 1% agarose gel for 5 minutes at 200 V. Gels were stained with ethidium bromide f solution and photographed. g
PCR sensitivity and specificity
Serial 10-fold dilutions of an 18-hour H. parasuis (strain Nagasaki, serotype 5) broth culture containing 1 ϫ 10 9 CFU/ ml were tested by PCR to determine the sensitivity of the test. One milliliter of each dilution was used for DNA extraction. Serial dilutions of extracted DNA were also tested to determine the minimum amount of DNA that could be detected in the test. Specificity of the PCR test was determined by testing 31 H. parasuis isolates, including 12 different serovars and 19 field isolates biochemically identified by the VDL as H. parasuis and a total of 32 isolates representing 15 different bacterial species (Table 1 ). In order to better assess the specificity of the PCR test, tissues from a specific pathogen-free (SPF) pig and from unrelated species were also tested ( Table 2) .
Genotyping of H. parasuis field isolates by rep-PCR
Fingerprints of 19 H. parasuis field isolates were obtained by repetitive element-based-PCR (rep-PCR) in order to determine how many different H. parasuis strains were tested by PCR. Primers targeting the Enterobacterial Repetitive Intergenic Consensus (ERIC) were used. 10 Rep-PCR was performed in a 50-l reaction mixture containing 100 ng of template DNA, 1.5 M of each primer, 50 mM KCl, 10 mM Tris-HCl, 3 mM MgCl 2 , 0.24 mM of each deoxynucleoside triphosphate, and 2 U of Taq DNA polymerase. The PCR was carried out for 30 cycles consisting of denaturation for 30 seconds at 94 C, annealing for 1.5 minutes at 40 C, and extension for 2 minutes at 72 C using a thermal cycle. e The PCR products were analyzed by electrophoresis in 2% agarose gel for 3.5 hours at 70 V. Gels were stained with an ethidium bromide f solution and photographed. g
Results
Bacterial sequence alignment
Alignment of related sequences to H. parasuis 16S small subunit RNA gene sequence (GenBank M75065) showed that the most genetically related organism was A. indolicus, followed by A. porcinus and A. minor. The species-specific regions in H. parasuis 16S gene sequence corresponded, most of the times, with highly variable regions in the aligned sequences.
PCR specificity
Two species-specific primers for detection of H. parasuis were designed. The PCR allowed amplification of an 821 bp product, as predicted. The PCR test could detect 12 different H. parasuis serovars, including serovars 1, 2, 3, 4, 5, 6, 7, 9, 10, 11, 12, and 14 ( Fig. 1) . Nineteen H. parasuis field isolates, including 10 genotypes based on rep-PCR results, were also positive by PCR ( Fig. 2A, 2B) . The PCR was negative for 15 other bacterial species that were tested, including 12 serovars of Actinobacillus pleuropneumoniae, Table 2) . A weak band around 821 bp in size was observed when the PCR was performed using DNA extracted from 1 ml of a 1 ϫ 10 9 CFU/ml A. indolicus culture. The intensity of this band, for undiluted A. indolicus preparations, was parasuis field isolates (lanes 1-19) . M, molecular marker. The PCR results using DNA extracted from clinical samples obtained from a pig experimentally infected with H. parasuis. T1, heart; S1, pericardial swab; T2, liver; S2, liver swab; T3, spleen; S3, spleen swab; T4, tonsil; S4, tonsil swab; T5, lung; S5, pleural swab; T6, joint; S6, joint swab; T7, brain; S7, brain swab; T8, peritoneal fluid; S8, peritoneal swab; L, lung tissue; T, tonsil; and S, spleen from a SPF pig. M, molecular marker. similar to those obtained for diluted H. parasuis suspensions containing 10 2 and 10 3 CFU/ml (Fig. 3A) . The PCR was also negative for lung, tonsil, and spleen tissues from the SPF pig ( Fig. 4 ) and for lung tissues obtained from unrelated animal species.
PCR sensitivity
The PCR could detect a minimum concentration of 1 ϫ 10 2 CFU/ml of H. parasuis organisms. Specific bands were observed when the PCR was performed using DNA extracted from bacterial suspensions in the range of 10 9 to 10 4 CFU/ml. The PCR could detect a minimum of 69 pg of pathogen DNA (Fig. 3B ).
PCR test using clinical samples
The PCR results for clinical samples are summarized in Table 2 . Haemophilus parasuis isolation was successful on 18 of 30 samples, and PCR was positive for 26 of 30 of these samples. The experimentally infected pig showed high fever (105.5 F) and swollen joints 24 hours postinfection (PI). On day 3 PI, central nervous system symptoms were observed, and the an-imal was euthanized. At necropsy, severe fibrinous polyserositis, arthritis, and meningitis were observed. Haemophilus parasuis isolation and PCR results were compatible in most clinical samples obtained from this animal ( Table 2 ). No major difference was observed in PCR results obtained using template DNA extracted directly from tissues or from swabs, except for the lung (Fig. 4 ). Samples obtained from naturally infected animals showed higher variation regarding H. parasuis isolation and PCR results ( Table 2 ). In general, there was a small difference between PCR bands obtained by testing DNA extracted from tissues or swabs (Fig.  5 ). However, maceration of tissues before DNA extraction resulted in higher concentrations of DNA in tissue samples compared with swabs.
Discussion
Diagnosis of H. parasuis infections can be difficult and complex, especially if biochemical tests are required to confirm the etiology of the agent involved in disease. A fast and accurate PCR test was developed to improve the diagnosis of H. parasuis infections. Figure 5 . The PCR results using DNA extracted from clinical samples obtained from 5 naturally infected animals (a, b, c, d, and e). a, T1, lung; S1, lung swab; T2, heart; S2, heart swab. b, T3, spleen; S3, spleen swab; T4, lung; S4, lung swab; T5, liver; S5, liver swab. c, S6, brain swab. d, S7, brain swab. e, T8, lung; S8, lung swab. M, molecular marker. This PCR can be used to detect H. parasuis in both pure culture and clinical samples.
The designed primers were found to be highly specific for H. parasuis. This specificity allows the use of the developed PCR test for identification of H. parasuis in pure cultures. After isolation of nonhemolytic, NAD-dependent bacteria from tissues, the PCR can be performed as a substitute for biochemical tests for further bacterial identification, reducing considerably the time and workload required for the diagnosis of H. parasuis infection. Because a weak band was observed when PCR was performed using DNA extracted from a 10 9 CFU/ml pure culture of A. indolicus, the PCR test should be used preferentially to diagnose H. parasuis isolates recovered from systemic tissues (other than the respiratory tract) since A. indolicus, like H. parasuis, is a commensal organism of the upper respiratory tract.
Evaluation of clinical samples obtained from animals naturally and experimentally infected showed that the PCR test was very efficient in detecting H. parasuis DNA from different tissues. Both swabs or tissues obtained from affected animals were successfully used for diagnosis of H. parasuis by PCR. If tissues are received for PCR testing, maceration prior to DNA extraction is not necessary since good results were obtained when this step was omitted.
The higher variation in the bacterial isolation and PCR results observed for samples obtained from naturally infected animals could be related to the lack of control regarding sample collection, transportation, and maintenance of tissues and swabs submitted to the VDL. The use of tissues and swabs obtained from a colostrum-deprived pig experimentally infected with H. parasuis allowed better assessment of the PCR efficacy in diagnosing H. parasuis infections. Swabbing of the fibrinous exudate present in the surface of damaged tissues proved to be an easy and efficient method of sampling. One single swab can be used to sample different areas from the peritoneal or thoracic cavity, for example. This could explain why the pleural swab from the experimentally infected animal gave a better PCR result when compared with the lung tissue obtained from the same animal. The fibrinous exudate was much more abundant in the parietal than in the visceral pleura of this animal. The use of swabs allowed a more representative sampling of the thoracic cavity compared with the small lung fragment used for DNA extraction. Swabs can be used successfully for sampling diseased animals for diagnosis of H. parasuis infections by PCR. Swabs also have the advantage of easier handling and transportation compared with tissue samples.
Haemophilus parasuis is normally found colonizing the nasal cavity and tonsils of conventional pigs and, to a lesser extent, of high-health animals. Considering this, samples obtained from the upper respiratory tract should not be used to assess H. parasuis infections in the herd. Samples obtained from systemic sites, such as pleura, pericardium, peritoneum, meninges or joints, are better options for diagnosing H. parasuis infections. Animals showing clinical signs characteristic of bacterial septicemia are generally treated with antibiotics, which makes H. parasuis isolation a difficult task. The PCR is a very good option in these cases because it can detect even nonviable organisms.
